The permeability of Dictyostelium discoideum amoebae towards amino acids and inulin was studied under conditions suitable for development of aggregationcompetence and in thick cell suspensions. During the pre-aggregation period, the amoebae released large amounts of amino acids and nucleotides into the suspending medium. The uptake of glutamate and lysine by amoebae was passive, but inulin was taken up actively, probably by pinocytosis. Hence the simplest explanation for leakage of metabolites is that the amoebae have no active mechanism for retaining them. A possible relationship between initiation of differentiation and loss of pool metabolites is discussed.
that the efflux of macromolecules reported (Krichevsky & Love, 1965; Krichevsky et al. 1969 ) was caused by cell breakage during filtration.
In the absence of reliable information on the uptake and release of metabolites by Dictyostelium discoideum, an investigation along these lines was undertaken in the hope that it would throw light. on the initiation of differentiation. However, there are practical problems. It is desirable to study uptake and release of metabolites in cell suspensions, but previous work on cellular slime mould differentiation was performed mostly on a solid surface. Aggregation of D. discoideum will occur in submerged cultures (Bonner, I 947), but aggregates develop into slugs and sorocarps only if they are in contact with air. Nevertheless, experiments involving uptake of radioactive compounds have been performed in suspension after the amoebae had been washed off agar or Millipore filters and dispersed (Pannbacker, 1967; Sargent & Wright, 1971) . This was done to ensure intimate contact between amoebae and medium, but morphogenesis was halted and experimental data obtained under these conditions may not be representative of undisturbed amoebae.
METHODS

Growth and differentiation of Dictyostelium discoideum
Dictyostelium discoidem (kindly supplied by Dr J. M. Ashworth, Department of Biochemistry,PThe University, Leicester) was grown aerobically in a protease peptoneyeast extract-glucose medium as described by Schwalb & Roth (1970) and . The amoebae were harvested during the exponential phase of growth (6 x 106 amoebae/ml) by centrifugation (300 g, 2 min).
Differentiation was followed in suspension and on a solid surface. For examination of differentiation in suspension, the amoebae were washed and suspended at 10' amoebae/ml in non-nutrient media specified in the legends to figures and incubated aerobically at 23 "C in an orbital incubator (150 rev./min).
Two methods were used for following differentiation on a solid surface. Exponential phase amoebae were washed and suspended in ice-cold medium M (10 mM-KC1, 5 MMMgCI,, 10 mM-sodium phosphate, pH 6.0). Three ml of the suspension containing 10' amoebae were pipetted into a 6 cm Falcon plastic tissue-culture dish. The amoebae soon settled to the bottom, and were not resuspended by slight movement of fluid in the dish.
The presence of Mg2+ was essential for firm attachment of the amoebae to the bottom of the dish. The dish was incubated statically in the dark at 23 "C. Under these conditions, the formation of streams and aggregation centres was detectable after 9 to 10 h and aggregation completed by 16 to 20 h.
In other experiments, differentiation was followed microscopically on a coverslip. A perspex ring (13 mm internal diameter, 2 mm thickness) was fixed on to a 22 x 22 mm glass coverslip with soft paraffin wax. One drop of amoeba1 suspension ( 1 0~ amoebae/ml) was placed on the coverslip inside the ring. After 5 min, the drop was sucked off leaving a single well-dispersed layer of amoebae on the coverslip. The coverslip was rapidly inverted over a glass slide. A small1 drop of the suspending medium on the slide ensured a humid atmosphere inside-the chamber which was sealed with paraffin wax. Under these conditions (at 23 "C), the amoebae in a thin film of fluid on the coverslip will go through the whole developmental sequence. 
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Uptake of amino acids in dilute amoebal suspensions Amoebae were incubated in suspension in medium M at a density of 10' amoebae/ml in the presence of radioactively labelled amino acids. At various times, samples were diluted into 10 vol. of medium M at o "C, centrifuged (300 g, 5 min, 4 "C), and the supernatant. fluid decanted off. The pellets were washed twice with medium M (0 "C) and suspended in distilled water at o "C. Samples were taken for radioactive measurement of total uptake.
The remaining amoebae were precipitated with 0.2 M-perchloric acid (PCA), and washed once with 0.2 M-PCA and I % (v/v) acetic acid at o "C. The precipitates were dissolved in 1.0 M-ammonium hydroxide. All samples were dried on aluminium planchets, and the radioactivity estimated by means of a Nuclear Chicago gas-flow counter.
Uptake of lysine in thick amoebal suspensions
The procedure was based on the method described by Mitchell (1953) . Amoebae were washed twice in medium M (0 "C) containing unlabelled lysine at the concentration to be used for measurement of uptake, and centrifuged (1000 g, I 5 min, 4 "C) in a I o ml graduated conical centrifuge tube. The pellet volume was noted, and the supernatant fluid removed completely. A volume of ice-cold medium M equal to the pellet volume, but containing radioactively labelled lysine, was added to the pellet. The amoebae were suspended by agitation with the aid of a thin glass rod. A sample of the suspension was centrifuged immediately (1000 g, 15 min, 4 "C), and 50 p1 samples of the supernatant fluid were taken for assay of radioactivity. The remaining amoebae were warmed to 23 "C and incubated in a 50 ml conical flask at 23 "C in an orbital incubator (150 rev./min). Samples were taken at intervals, centrifuged to remove amoebae, and the supernatant fluid assayed for radioactivity. The supernatant fluid (50 1. 1) was mixed with I 5 ml 2,5-bis(5'-tert-butylbenzoxazolyl-2')thiophene (BB0T)-toluene/Triton (2 vol. toluene containing 4 g BBOT/ 1 : I vol. Triton X-100) in a glass scintillation vial and the radioactivity determined with a Philips liquid scintillation analyser. The analyser was programmed for simultaneous measurement of carbon-14 and tritium. Two series of quenched standards (one for each isotope) were used to determine the parameters for the calculator programme.
Analytical methods
Protein was determined by the method of Lowry, Roseborough, Farr & Randall (1951) with bovine serum albumin as standard. RNA was assayed by the orcinollmethod (Munro & Fleck, 1966) with D-ribose as standard, and amino acids by the ninhydrin reaction (Rosen, I 957) with L-leucine as standard. Samples for determination of tota1"phosphorus were charred, oxidized and hydrolysed (Leloir & Cardini, 1957) , and the inorganic phosphate produced was assayed by the method of Stanton (1968) .
Materials
shire.
Development of aggregation-competence in dilute amoebal suspensions Gerisch (1962 Gerisch ( , 1968 , working with Dictyostelium discoideum amoebae grown on Escherichia coli in shaken suspensions, found that the amoebae, although physically prevented from aggregating, attained maximum aggregation-competence 9 h after exhaustion of bacteria. Since the experiments reported here were performed on amoebae grown Variation of aggregation-competence with age of culture. Amoebae from an exponentially growing culture were inoculated into fresh medium at an initial cell density of 5 x 105/ml and incubated at 23 "C in an orbital incubator (I 50 rev./min). At various times, amoebae were transferred to a coverslip, washed in medium M and incubated at 23 "C. The times of appearance of the first aggregation streams were recorded.
axenically, it was necessary to reinvestigate this problem in order to characterize the differentiation of these amoebae in suspension. Amoebae harvested at various times during the exponential and stationary phase of growth were transferred to coverslips in a non-nutrient medium and incubated in a humid chamber. The times of appearance of the first aggregation streams were recorded (Fig. I) . The time taken for aggregation to occur was constant for amoebae harvested during the exponential phase of growth. This result is different from that of Gerisch (1962 Gerisch ( , 1968 in that after cessation of growth there was a progressive increase instead of a decrease in the time taken for appearance of aggregation streams. After 60 h in the stationary phase, the amoebae were no longer capable of aggregation.
When exponential-phase amoebae were washed and incubated in a variety of nonnutrient media, aggregation-competence developed in a way analogous to that with bacteriagrown amoebae (Fig. 2 ). There was a considerable variation in the results, but the amobae always reached the aggregation stage faster with increasing periods of incubation. On further incubation, amoebae in some media (e.g. distilled water) lost their aggregationcompetence faster than others, It is evident that the biochemical events associated with development of aggregation- Fig. 2 . Development of aggregation-competence in non-nutrient media. Exponential-phase amoebae were washed and suspended at 107 cells/ml in the media indicated and incubated at 23 "C in an orbital incubator (150 rev./min). At various times, samples of cells were transferred to coverslips and incubated at 23 "C. The times at which aggregation occurred were recorded. 0, 10 mwsodium phosphate (pH 6.8); 0, Bonner's salt solution (10 mM-NaC1, 10 mM-KC1, 2.7 m-CaC1,); m, medium M; 0, 10 m-NaC1; A, 10 m~-NaCl, 10 mM-KCl, 5 mM-MgCl,, 10 mM-tris-HC1 (pH 7.0); A, distilled water. Changes in cellular constituents during incubation in suspension. Exponential-phase amoebae were incubated in suspension at 1 0 ' cells/ml in 10 m~-NaCl, 10 mM-KC1, 5 mM-MgCl,, 10 mM-tris-HC1 (pH 7.0). Samples were taken at intervals for determination of dry weight, phosphorus, RNA and protein content. Dry weight was determined in amoebae washed once and suspended in distilled water and dried to constant weight at 105 "C. Protein and RNA were determined in cells precipitated and washed with 0.2 M-PCA. RNA was extracted with 0.5 M-PCA Fig. 4 . Efflux of amino acids from amoebae incubated in suspension. Exponential-phase amoebae were incubated in suspension at 10' cells/ml in medium M, 10 mM-NaC1 or distilled water. Samples were taken at various times for determination of dry weight ( Fig. 3) and assay of amino acids in the supernatant fluid and the hot-water-extractable pool (100 "C, 15 min). The average molecular weights used for calculation of the weights of amino acids were estimated from the amino acid compositions of pool and supernatant fluid. competence can be conveniently studied in amoeba1 suspensions, but it is important to note that aggregation-competence is not identical with aggregation and somelbiochemical events are linked to mlorphogenetic events or ' normal cell contacts' (Sussman, 1968 ; Newell, Longlands & Sussman, 1971) .
Release of amino acids
Dictyostelium discoideum amoebae lose about 50% of their dry weight during morphogenesis from vegetative cells to mature sorocarps without changes in the relative proportions of protein and RN.A (White & Sussman, 1961 Membrane permeability of D ic ty os t elium discoideum 463 in amoebae incubated in suspension (Fig. 3) . The density of amoebae in the suspension showed a slight increase, and no lysis was detected microscopically. The proportions of protein, RNA and phosphorus were practically constant (60 yo, 14 yo and 1.9 % dry wt respectively) despite large reductions in amoebal size and dry weight. These results suggest that the amoebae were functionally intact when incubated in suspension. In the above experiment tris-HC1 was used as buffer instead of phosphate in medium M for convenience of phosphate analysis, but there is no evidence that amoebae in tris-buffered medium behaved differently from those in medium M as far as development of aggregation-competence was concerned (Fig. 2) . Contrary to the reports of Krichevsky et al. (1969) , there was no efflux of acid-precipitable material from amoebae in non-nutrient media, but large amounts of ninhydrin-positive and u.v.-absorbing material were detected in the suspending media. The efflux of ninhydrinpositive material was linear for at least 8 h with slightly different rates in different media (Fig. 4) . The amount of pool ninhydrin-positive material of amoebae in medium M was constant at about 3 yo dry wt, but that of amoebae in distilled water and 10 mM-NaC1 fell during the first 2 h and remained at a lower level thereafter. When the amino acids released during a 4 h incubation were assayed with an amino acid analyser, it was found that they accounted for 85% to 90% of the ninydrin-positive material present in the suspending medium. The relative proportions of the amino acids released varied with the suspending medium and were different from those of the pool.
The amounts of amino acids released by amoebae in distilled water, 10 mM-NaCl and medium M during a 10 h incubation were 17 %, 14 % and 12.6 % of the initial dry weight respectively. Assuming that the proportion of protein in amoebae remained constant at 60 yo dry weight, the corresponding decreases in protein content calculated from decreases in dry weight were 33.9 %, 17.1 % and 16.0%. It is evident that, when amoebae were incubated in 10 mM-NaC1 or medium M, about 80% of the decrease in cell protein could be accounted for by the appearance of amino acids in the suspending medium. When amoebae were incubated in distilled water, the decrease in their dry weight was not accounted for by a proportionate release of amino acids. This could result from amoebae losing their viability and having a different pattern of metabolism, because amoebae in distilled water reached maximum aggregation-competence in only 5 h, but after 8 h had completely lost the ability to aggregate (Fig. 2) . This rapid loss of aggregation-competence may have been a secondary effect of depletion of essential salts and was unlikely to have been solely the result of the loss of amino acids because the rates of leakage in 10 mM-NaCl and distilled water were similar and not much higher than that in medium M. It is clear from Fig. 3 that there was a loss of phosphorus compounds from amoebae incubated in a non-nutrient medium. Using 32P-labelled cells, it was found that the decrease in phosphorus content of amoebae could be accounted for by the appearance of low molecular weight phosphorus compounds in the suspending medium. These compounds were shown by paper chromatography in iso-propanol-HC1 to be a mixture of nucleotides and orthophosphate.
Uptake of amino acids in dilute suspensions
The depletion of amoebal constituents during the pre-aggregation period could act as a trigger to the initiation of differentiation. It has been repeatedly demonstrated that incorporation of radioactively labelled precursors of cell constituents occurs during differentiation and metabolites must therefore flow in and out of cells. The uptake of amino acids was studied because they were released in large amounts during the pre-aggregation period and because active transport mechanisms for them occur in bacteria (Gale & Folkes, 1967; Gale, 1971 ) and higher organisms (Hokin & Hokin, 1963; Albers, 1967) .
It was shown earlier (Fig. 2) that cells incubated in medium M reached maximum aggregation-competence after 7 h. Hence the rate of uptake of amino acids measured from 7 to 10 h is representative of aggregation-competent amoebae. Typical results for uptake of glutamate and lysine by exponential-phase amoebae are shown in Fig. 5 and 6 . Aggregationcompetent amoebae behaved similarly. The amounts of amino acid taken up were calculated from the specific activity of the amino acid in the suspending medium. These values are accurate for initial rates of uptake into amoebae, but not for uptake into PCAprecipitable material because the specific activity of the amino acid inside the amoebae was probably different from that in the suspending medium. Chemical fractionation of cells (Roberts et al. 1955 ) after 3 h incubation in the presence of lysine or glutamate (I mM) showed that over 80% of the radioactivity in the PCAprecipitates was recovered in the protein fractions, but some conversion to other amino acids had taken place. The incorporation of lysine into the PCA-precipitate, but not into the pool was inhibited by 2,4-dinitrophenol (DNP) (Fig. 6) and cycloheximide (K.-C. Lee, unpublished) . This suggests that uptake into the pool was passive, but the possibility that DNP altered membrane permeability cannot be ruled out. In bacteria, active transport of amino acid is usually dependent on the availability of an energy source, e.g. glucose (Gale & Folkes, 1967) . The presence of glucose was always stimulatory to uptake of amino acids into the pool of Dictyostelium discoideum, but not into PCA-precipitates. The stimulatory effect was usually small and variable, and was greater for lysine uptake (Fig. 6 ) than glutamate uptake (Fig. 5) . This result is contrary to the report of Krichevsky & Wright (1963) that glucose increased amino acid incorporation into proteins.
The relationship between external concentration of amino acid and rate of uptake by exponential phase and aggregation-competent amoebae is shown in Fig. 7 . The uptake was linear over a 3 h incubation period except for uptake of glutamate at 5 and 10 m~ by aggregation-competent amoebae. The initial rate is shown in these cases. Except for lysine incorporation into PCA-precipitate, the rates of uptake of the arnino acids tested were directly proportional to the external amino acid concentrations, and there was no evidence of saturation kinetics characteristic of active transport. Exponential phase amoebae took up lysine faster than did aggregation-competent amoebae at all lysine concentrations tested. The converse was true for glutamate. This observation may reflect a difference in membrane properties, but this difference is unlikely to play a part in the control of differentiation because the amounts of amino acids taken up were very small. The amounts of radioactivity taken up in a 3 h incubation were less than I % of that in the suspending medium and were comparable to, but smaller than, that expected for passive equilibration of the internal pool with the suspending medium. 
Uptake of lysine in thick amoebal suspensions
Passive diffusion was studied in a thick amoebal suspension in which the volume occupied by the amoebae accounted for a considerable proportion of the volume of the suspension. Uptake of amino acid or' lysis of amoebae was indicated by a decrease in the radioactivity/ unit volume of the cell-free supernatant fluid. To check the latter possibility, a non-penetrating radioactive substance was present, and its radioactivity/unit volume of supernatant fluid was expected to remain constant during incubation. The substance used was inulin which has been used as an extracellular marker in DictyosteZium discoideum (Barravecchio, Baumann & Wright, 1969; Garrod & Born, 1971) .
Another complicating factor is aeration. The amoebae were suspended at a density of approximately 5 x Ios/ml, i.e. 25 times greater than their stationary-phase density, and aeration could be a limiting factor for an aerobic organism like Dictyostehm discoideum. Chemical fractionation of exponential-phase amoebae after a 3 h incubation with L-[U-14C]lysine (I mM) showed that only 29% of the total cell radioactivity was in PCAprecipitable material cornpared to about 75 % for amoebae incubated in dilute suspension.
This incorporation into PCA-precipitable material was insensitive to DNP (5 x I O -~ M in suspending medium) or cycloheximide (400,ug/ml in suspending medium) at such a high amoebal density. Amoebae in thick suspensions were probably not incubated under optimal conditions, and their permeability may be different from those in dilute suspensions.
However, if amoebae after 3 h incubation in thick suspension were plated out on 2 % (w/v) agar, they would complete their development with little delay.
Typical uptake curves in thick suspensions showing reduction of radioactivity in the supernatant fluid are shown in Fig. 8 . Contrary to expectation, the radioactivity due to inulin in the supernatant fluid fell at about the same rate as that due to lysine. This could . Effect of incubation at low temperature on the uptake of lysine and inulin in thick suspensions of exponential-phase amoebae. Experimental conditions were the same as those described in Fig. 8 with the exceptions that the incubation temperature was varied and that the concentration of ~-[4,5-~H]lysine in the suspending fluid was approx. 1.5 pCi/ml. Carbon-14 (inulin): 0, 23 "C; 0, 4 "C. Tritium (lysine): B, 23 "C; 0, 4 "C. Fig. 10 . Uptake of inulin in dilute amoeba1 suspensions. Exponential-phase and aggregationcompetent amoebae (after 7 h incubation in medium M) were suspended at 10' amoebae/ml in medium M containing carboxylic acid-[14C]inulin (0.2 pCi/ml, 0 -2 mg/ml) with or without DNP (5 x IO-~M). The suspensions were incubated at 23 "C in a reciprocal shaker (80 cycles/min). At intervals, amoebae were harvested for estimation of radioactivity in cells and material precipitable by 10 % (w/v) TCA using a gas-flow counter.
Exponential-phase amoebae. Control : 0, total amoebae; 0 , TCA-precipitate. + DNP: A, total amoebae; A, TCA-precipitate.
Aggregation-competent amoebae. Control : 0, total amoebae ; B, TCA-precipitate. + DNP : v, total amoebae; v, TCA-precipitate.
On the scale used, 0, A, A, m, v and v are superimposed because they all give values close to zero.
not be accounted for by cell breakage because lysis was negligible (< 0.1 %). In the presence of DNP, lysine uptake was affected very slightly, but inulin uptake was completely inhibited. The presence of cycloheximide (400 pgfml) or glucose (1.5 %, wlv) in the suspending medium had little effect on the uptake of both lysine and inulin (K.-C. Lee, unpublished), but low temperature abolished inulin uptake and slowed down lysine uptake (Fig. 9) . These results are consistent with active transport of inulin and passive diffusion of lysine. Since thick suspensions do not provide optimal incubation conditions for the amoebae, it was necessary to demonstrate active inulin uptake in dilute suspensions. This is shown in Fig. 10 . Preliminary experiments demonstrated that, at the concentration used, carboxylic acid-[14C]inulin was soluble in 10 % (wlv) trichloroacetic acid (TCA) and was completely recovered in the pool fraction. It is evident from Fig. 10 that both exponential-phase and aggregation-competent amoebae took up inulin, and the uptake was abolished by DNP. The rate of uptake was higher for aggregation-competent amoebae both on the basis of Table I) or a mixture of amino acids and vitamins (no glucose). At intervals, samples were taken for determination of dry weight (FGg. 3), and the pool amino acids extractable with ice-cold 5 % (w/v) TCA were determined after reinoval of TCA by ether extraction. An average molecular weight of I 17 (determined from the pool amino acid composition of exponential-phase cells) was used for calculations. The level of pool amino acids extracted with TCA from control amoebae was slightly lower than that extracted with hot water (Fig. 4) . Cell dry weight: 0, control; A, +full nutrient mixture; B, famino acids and vitamins. Pool amino acid content : 0 , control; A, +full nutrient mixture; 0, +amino acids and vitamins. cell protein (Fig. 10) and cell volume (Fig. 8) . This might have been caused by the smaller size and hence greater surface area per unit volume or protein content of aggregationcompetent amoebae. The radioactivity taken up was not incorporated into TCA-precipitable material, and gel filtration through Sephadex G-50 showed no degradation of the inulin taken up during the 3 h incubation period. Iczhibition of aggregation by nutrients It appears that, under the experimental conditions used, Dictyostelium discoideum did not have effective mechanisms for retention of metabolites or active transport of amino acids. If the leakage of metabolites contributes in some way to the initiation of differentiation, the amoebae will not differentiate when nutrients are present in sufficient concentration to offset losses due to leakage, but will do so in a non-nutrient medium where lost metabolites cannot be replaced. The formation of streams and aggregation centres in static submerged culture in medium M was inhibited in the presence of a mixture of glucose, together with an amino acid mixture with the same composition as casein hydrolysate and vitamins at the same concentrations as Ashworth's (unpublished) partially defined growth niedium for D. discoideum AX-3 ( Table I) . Aggregation was not inhibited in the presence of either glucose alone or amino acids plus vitamins at twice the concentrations given in Table I (without glucose). Krichevsky & Wright (1963) reported that glucose increased the 'rate of development' on agar, but very little effect on the rate of aggregation was observed here in static submerged culture.
Changes in cell dry weight and pool amino acid content of amoebae incubated in medium M with additions of nutrients are shown in Fig. 11 . In the presence of amino acids and vitamins, the cell dry weight decreased at a rate similar to the control (no added nutrients), and there was no difference between the pool amino acid contents. In contrast, amoebae incubated with glucose, amino acids and vitamins (full nutrient mixture) showed a slight increase In dry weight, and the pool amino acid content rose to a level 50% higher than that of control amoebae.
DISCUSSION
Dictyosteliwn discoideum amoebae released large amounts of low molecular weight metabolites into the suspending medium during the pre-aggregation period. These metabolites accounted for the bulk of the protein and phosphorus lost from cells, and it is surprising that they were released at a time when they were most needed, i.e. during starvation. These experiments were performed on cell suspensions, and it is not certain to what extent the findings apply to cells incubated on Millipore filters or agar surface. Cells incubated under these conditions have at the most a thin layer of liquid on their surfaces, and they are not in intimate contact with the liquid in the support pads or agar. However, it is probable that cells incubated on Millipore filters release soluble compounds because the liquid in the support pads showed great increases in conductivity during incubation (Garrod & Gingell, 1970; K. -C. Lee, unpublished) . The leakage of metabolites from cells is probably not caused by depletion of the energy supply essential for a hypothetical activetransport process because the amoebae were grown in glucose-containing medium and had ample stores of glycogen . The uptake of the amino acids studied, and probably others, is passive. Hence the simplest explanation for leakage of metabolites is that the amoebae possessed no mechanism for active uptake or retention of amino acids and nucleotides, and maintenance of metabolite concentrations in the pool at levels compatible with survival requires catabolism of protein and RNA.
The absence of an active transport mechanism for amino acids is not a great handicap to survival in the wild because the amoebae usually obtain their nutrients by engulfing bacteria. Dictyostelium discoideum amoebae are capable of ingesting other particulate materials, e.g. ion exchange resins (Farnsworth & Wolpert, , but the ability to take up a small molecule like inulin (mol. wt 5000) actively (probably by pinocytosis) is:unusual. This could be related to the ability of D. discoideum AX-2 to grow in a proteose peptoneyeast extract medium which contains peptides of low molecular weight. An analogous situation was reported in the amoeba Acanthamoeba castellanii, which actively ingests polystyrene beads, but does not transport small molecules actively Korn & Olivecrona, 1971) .
The initiation of differentiation is complex and is probably influenced by concentrations of intermediary metabolites which in turn depend on the nature of nutrients available. Whether cells proliferate: or differentiate depends on the availability of a balanced diet of nutrients at sufficient concentrations to counterbalance losses due to leakage. It was shown in Fig. I I that when amoebae were incubated in the presence of a nutrient mixture (glucose, amino acids and vitamins) capable of inhibiting aggregation, the pool amino acid content was higher than that of amoebae incubated in the absence of added nutrients. This observation is consistent with the hypothesis that the initiation of differentiation is associated with irreplaceable loss of metabolites from amoebae leading to a lower pool amino acid content, but does not prove it. The high pool amino acid content cannot be maintained by the presence of amino acids and vitamins in the suspending medium. Glucose is required, but glucose alone does not inhibit aggregation. It is likely that this effect of glucose is associated with the production of intermediary metabolites rather than energy mediated uptake of amino acids.
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